Introduction
The purpose of the Fermilab Tevatron I Project is to achieve proton-antiproton (p) collisions 
Operating Parameters
To prevent very large energy deposition by Joule heating, the lens will be operated in a pulsed mode. Non-uniform current density, resulting from the skin effect, must be taken into account. 3 Using a capacitor discharge power supply, the lens can be excited by a damped half sine wave of the form
where 4FVP is the phase at time t, I would be the peak current without damping, and 6 is0 the damping coefficient.
The phase at which the beam passes through the lens, 4P and the operating parameters of the lens, (I o,u,g ) are optimized by minimizing the current necessary optical properties for the lens as an antiproton collector. The phase th and the time characteristics of the current pulse determine the dependence of the magnetic field with radius.
The effect of these non-linearities on the antiproton collection, for a fixed geometry, is shown in Fig. 1 , where no damping has been assumed (8=0). 
Lithium Lens
The prototype lithium lens design is shown in Fig. 3 The current must be introduced into the lithium cylinder in such a way as to minimize the total resistance and inductance associated with the current feeds.
To this end, the current contacts to the transformer have been made as close as possible to one another.
The current is delivered to the lithium through low-carbon steel, which has relatively low resistivity and is compatible with liquid lithium.
The total inductance of the lens structure excluding the lithium itself is expected to be -~.31nh; the lithium cylinder contributes -7nh. The total resistance of the lens structure excluding the central conductor is 42 ,. C1the lithium central conductor contributes 56 M 6.
The cooling jacket for the lithium conductor must carry a minimum of current, allow adequate heat exchange between the lithium and the cooling medium (water) and sustain the stresses produced by the pulsed heating of the lithium. The prototype design, which has an inner cooling jacket of Ti-6A1-4V, of thickness 1 mm, resulted from a compromise between these demands. Fig. 4 The entire assembly is contained against the axial forces by 8 high-strength steel bolts, preloaded to reduce flexing of the end caps during operation. The design of the lens is presently being modelled using the fini te element program ANSYS.
Lithium will be loaded into the lens through two pentrations using a filling device with a bellows. After outgassing the lens and filler, the filler bellows is loaded (in an argon atmosphere) with a 3662 lithium slug and evacuated. The lens and filler are heated to lithium melting temperature, and the liquid lithium is introduced into the lens under pressure. As the lens is allowed to cool and the lithium shrinks, additional molten lithium is introduced to maintain a pressure in the lithium, continuously monitored by a pressure sensor.
By this process a void-free lithium cylinder is cast under a compressive preload to prevent radial separation of the lithium from the cooling jacket under the action of the impulsive pinch stress generated by the field pulse. A 24-turn prototype transformer has been constructed as shown ii Fig. 5 . The tape wound core, with an area of 145 cm , is enclosed in an aluminum housing which is part of the secondary circuit. The lens is clamped into the center of the housing to complete the secondary circuit.
The transformer has been pulsed with a dummy lens (a 1 cm radius tantalum rod) under a number of different conditions.
The peak secondary current achieved , measured with a Rogowski coil, has reached 0.4 MA with T -1.2 msec. The core requies -10 A of reverse DC bias to prevent saturation.
The measured total load inductance (L) has been reduced from -38 pih to -21 Fh by a redesign of the current path between the secondary housing and the lens central conductor.
A substantial further decrease in the inductance is required in order to keep primary voltages below 3kV with the short pulses wanted for optimum operation.
A reduction in the number of primary turns to 8 has been made; the peak secondary current achieved in this configuration is 0.52 MA, with T-0.4 msec.
With the lithium lens described above as the secondary load, and with an 8-turn primary, the expected circuit parameters are L -2.7 pLh and R -6.9 mil.To achieve T=0.33 msec, a power supply capacitance of C=4000 ,f is required.
For I =0.83 MA, the necessary voltage is V -2.7 kV. A damping factor a =1300 Hz (p=.136) is expected.
